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Abstract
Type Ia supernovae have been used for cosmology due to their luminosity standardization
across explosions, lending them the name “standard candles”. The progenitors of such
supernovae, white dwarves, can be driven, either by accretion or a white dwarf merger, to the
Chandrasekhar mass limit. Although this project did not specifically focus on Type Ia
supernovae, it is important to understand where these supernovae come from because they are
the most luminous, and thus the easiest to observe, for astronomers and likely make up a large
part of the sample in this project.
The scope of this project was to determine if supernovae progenitors were emitting as Xray sources before the explosion occurred. This was mainly completed through the use of
Python, Chandra Source Catalog, Open Supernova Catalog, Tool for OPerations on Catalogues
and Tables (TOPCAT), and the Chandra Data Archive. After crossmatching the two catalogs in
TOPCAT with various parameters, a final match table was created and combed through case-bycase to establish if the Chandra X-Ray Telescope had observed an X-ray source in the area of
each supernova before there was an actual explosion. Out of 298 original matches, 227
supernovae fit this parameter, but further research is needed to be certain that the supernovae
progenitors were captured by the Chandra Telescope.
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Introduction
Supernovae
For the modern astronomer, there are four main classifications of supernovae: Type Ia,
Type Ib, Type Ic, and Type II. As seen in Figure 1, the Type Ia supernova is caused by a
thermonuclear reaction, while the other three are all caused by the core collapse of a massive
star; the main difference between the three core collapse supernovae is what element is found (or
not found) in the optical spectrum (Supernova Classification: COSMOS, n.d.). Type Ia
supernovae are of special importance to cosmology due to their relative consistency in peak
luminosity during the explosion (hence the name “standard candles”), allowing researchers to
determine distances to the host galaxies and even the acceleration of the universe (sources?).
Also, Type Ia supernovae are not picky about their host galaxy, showing up even in elliptical
galaxies (Dyk, 1992). The standardized peak luminosity is theorized to be caused by the
consistent manner of the explosion: a white dwarf slowly approaches the Chandrasekhar mass
limit (~ 1.44M⊙ ) and a runaway nuclear reaction in the core takes place before collapse can
occur (Hillebrant & Niemeyer, 2000). There are two main theories to describe this phenomenon:
accretion from a companion star or a white dwarf merger.

Figure 1. Supernova classification tree.
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Progenitors
It has long been known that the progenitors of Type Ia supernovae are white dwarves,
and that the supernovae themselves arise from a thermonuclear explosion of these objects (Hoyle
& Fowler, 1960). As mentioned in the previous section, there are two main competing theories
for how this detonation comes about: a white dwarf merger or accretion of mass from a
companion star. While the white dwarf merger theory is viable, the event itself is so rare that it
will be harder to prove. The more common approach to a Type Ia supernova would be through
accretion in a binary system, where the white dwarf would be the remnant of the larger star in the
system. Differentiating between these two models is possible through X-ray signatures of the
progenitor white dwarf; Gilfanov & Bogdan (2010) explain this neatly when they state, “the
white dwarf accreting material from the normal star becomes a source of copious X-rays for
∼107 yr before the explosion.” This means that a researcher would be able to go through archival
X-ray data near discover supernovae in order to determine if the accretion model fits any
observable progenitors.

Project Overview
The primary goal of the project was to determine if supernovae progenitors also emitted
as X-ray sources. This was to be achieved through the use of the application TOPCAT and two
different catalogs; TOPCAT has the capability to crossmatch two tables and return the
subsequent matches. Those matches would then be analyzed case-by-case and compared to
Chandra X-ray Telescope archival data, which would lead to a sample of supernovae that had
been observed in the X-ray before their progenitor exploded.
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Software and Applications
There were three main pieces of software used for this project: Python, Sloan Digital Sky
Survey (SDSS) SkyServer Finding Chart Tool, and Chandra Data Archive ChaSer. The coding
language Python was utilized to write a program that converted supernovae coordinates from a
sexagesimal format to degrees. After each crossmatch was performed, the SDSS SkyServer
Finding Chart Tool was used to check if the supposed supernovae were actually galactic centers.
Finally, the Chandra Data Archive ChaSer website listed when a certain area of sky had been
observed by the Chandra X-ray Telescope. This was useful because it allowed the researcher to
determine if there was archival Chandra data before each supernova’s discovery date in the area
of its’ coordinates.
Three applications, TOPCAT, Open Supernova Catalog (OSC), and Chandra Source
Catalog (CSC), were also employed to gather the necessary data and perform the crossmatches.
The OSC “displays…metadata, light curves, and spectra spanning X-ray to radio frequencies”
for each supernova listed; this data is pulled from other catalogs and publications (Guillochon et
al. 2017, 1). The other catalog, CSC, contains all of the X-ray sources that have been observed
by the Chandra X-ray Telescope. These are the two catalogs that were crossmatched in TOPCAT
to determine what supernovae had an X-ray source detected near them. Although the main
purpose of TOPCAT, and what was used for this project, is performing operations on tables,
there are many visual options available for analysis of the crossmatches.
Troubleshooting
There were plenty of surprises throughout this project, and most revolved around the
applications. The initial approach for the crossmatch was to download both catalogs as CSV
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tables and then upload them into TOPCAT to find the matches between the catalogs. However,
there were immediate problems with this approach for both catalogs.
For the CSC, it contains 26 TB of data, so there was no possibility of downloading the
entire catalog onto a laptop. The first proposed solution was to download the CSC desktop
application, but this did not solve the issue. The next idea was to try and find the catalog through
TOPCAT, which did not seem as though it would be too difficult at first glance; the researcher
quickly realized the mistake in this assumption. Since the CSC could not be downloaded, it was
necessary to find a way in TOCPAT to pull the catalog from another source. A simple cone
search was the first test, but this project was focused on the entire sky, not just a specific patch,
so this method was quickly discarded. The next possibility was a Table Access Protocol (TAP)
Query, but this process got complicated very quickly and made use of the SQL coding language,
with which the researcher had no experience. After turning this over to Dr. Ming Sun, the
director of this project who has more experience with this language, he found an alternate
method from all of the previously explored options. This method made use of the VizieR Catalog
Service within TOPCAT. This server has the CSC downloaded onto it already, so the researcher
was able to take advantage of that for the crossmatches. The VizieR server had a section to select
all rows of the catalog, instead of a cone search, and allowed the researcher to search for the CSC
by keyword; see Figure 2 on the next page.
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Figure 2. VizieR server set up to download entire CSC into TOPCAT.

The Open Supernova Catalog had an entirely different issue than the Chandra Source
Catalog; it was able to be downloaded right away in CSV format, and one could select specific
columns (RA, Dec, redshift, etc.). However, once the file was opened in Excel, the researcher
realized that there were multiple, albeit very similar, values of the right ascension and declination
for each supernova. Dr. Sun decided that only the first value was necessary, but there was
thousands of supernovae listed, so it was not feasible to go through and clean each data point by
hand. On the OSC website, there was a sentence about advanced data retrieval options, and this
seemed like the best place to start. It lead the researcher to a GitHub page that listed ways to
retrieve data from the catalog through API and a domain route specific to the supernova catalog.
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This allowed a set of values to be downloaded in CSV format that only listed the first number for
the requested columns (Figure 3).

Figure 3. The URL for the first values of RA and Dec. in CSV format.

An unforeseen problem that took a large amount of time to fix dealt with the units that
the right ascension and declination values were measured in and downloaded. They were listed
in sexagesimal format, which Excel did not take kindly to, and there were some supernovae with
either incomplete or no values. This was remedied by deleting the supernovae with
incomplete/no values, and then tricking Excel by creating a custom number format that matched
the full sexagesimal format (hh:mm:ss.000) for the right ascension. Declination was not so easily
fixed, because there can be positive or negative values for this position, and the researcher was
not able to solve this problem in the same way as the right ascension. However, this ended up
being a blessing in disguise, because it was found later that TOPCAT would only crossmatch if
the units for both tables were the same, so the OSC values had to be converted to degrees from
sexagesimal.
The conversion from sexagesimal to degrees for both the right ascension and declination
were done through a Python program. The functions that actually do the conversions were found
on Github, published by Adrian Price-Whelan of NYU; see Appendix A for the complete code.
These were adapted for this project, and a final script was written, but there was still some
debugging that needed to occur. One of the largest problems was that the converted data points
needed to be saved back to a computer. The researcher was able to do this by using the Python
library pandas, which allowed the data to be converted back to a CSV format and then saved to a
computer. Per a suggestion from Dr. Sun, a sample file with a few right ascension and
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declination values (instead of the thousands of supernovae in the original file) was used to test
the code and make sure that the math was being performed correctly.

Results and Analysis
The first crossmatch between the OSC and the CSC had the following parameters: a
maximum error between potential data points of 1 arcsecond, no limit on the redshift, and both
tables with units of degrees for the right ascension and declination. The resulting tables of
matches had 296 supernovae listed, but Dr. Sun pointed out that there were many supernovae
remnants among those matches, which are not relevant to the scope of this project. After
removing these from the table, there were 141 matches remaining. However, unbeknownst to the
researcher, some of the “supernovae” listed in the OSC were actually galactic centers, not
supernovae. When this was recognized, a new table was created without these “supernovae” and
the redshift was changed to be less than 0.1.
It was decided that a new crossmatch would be completed, since there was not a lot of
good data coming out of the first attempt. The parameters were updated as follows: set the
redshift to less than 0.03 to hone in on local supernovae, only take supernovae data from 2000
onward due to the Chandra X-ray Telescope being launched in 1998, and have a maximum error
of 1 arcsecond, along with another crossmatch with the same parameters at 30 arcsecond error.
Dr. Sun created a table with the redshift and data parameters that was cleaned so that there was
no supernovae remnants since he is more familiar with the nomenclature. After running the
crossmatches, it was determined that the 30 arcsecond matches would be used for the basis for
the remainder of the project.
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Producing 298 matches, the 30 arcsecond crossmatch gave a clean sample of supernovae
to start analysis. This analysis consisted of going case-by-case for each supernova and using the
Chandra Data Archive to determine if there was an X-ray source observed in the area of the
supernova before it was discovered; there were 227 supernovae that met this parameter. Figure
4.1 demonstrates the input for the Chandra Data Archive, while Figure 4.2 displays the partial
results of that search. However, it became difficult for the researcher to resolve if the supernovae
progenitors were in the frame of the target of the Chandra data because the listed target was
usually just the host galaxy (Figure 4.2). Although the first crossmatch was checked for galactic
centers listed as supernovae, no such check was performed on the 30 arcsecond error crossmatch.
Dr. Sun discovered that there were 18 out of the 227 supernovae that had a separation value
(between the OSC and CSC values) less than one arcsecond. After further investigation, it was
established that half of the 18 supernovae were galactic centers, but the rest were not.

Figure 4.1. Input of Chandra Data Archive for SN2007on.

Figure 4.2. Partial output for SN2007on.
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Conclusion
Once the crossmatches were completed, there was plenty of data to analyze. However,
the process to get to a simple crossmatch was convoluted and time-consuming; this leaves a lot
of further analysis to be done in the future. After a thorough analysis is conducted, there should
be a clearer answer to the question, “Do supernovae progenitors also emit as X-ray sources?”.
Future Research
The most important part of the work that a future researcher should complete is digging
deeper into the case-by-case Chandra data for the 30 arcsecond crossmatch. Since the current
researcher was not able to determine if the supernovae progenitors were potentially observed in
previous Chandra data, that would be the priority for the next person. There may be a way to
view the specific images for each Chandra observation, which would be ideal. Another avenue to
explore could be changing parameters, such as the redshift, to compare results to other papers
that are being published in the scientific world.
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Figure 5.1. Importing libraries and opening/ parsing file.
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Figure 5.2. Declination conversion function.
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